In this study, the comparison of Elsholtzia ciliata volatile compounds from the stem (with leaf) and flower was acquired. The volatile compounds of these two parts from Elsholtzia ciliata aerial parts were respectively analyzed by a rapid and convenient static headspace injection technique coupled with gas chromatography-mass spectrometry and the relative contents of each constituent between the two different parts were determined by peak area normalization. 61 compounds were identified in the stem (with leaf) and flower, among which 39 components simultaneously exist. 47 and 53 compounds were separated and identified in the volatile compounds from the different parts of Elsholtzia ciliata, respectively. There were differences among some volatile constituents of the two parts, but the main constituents were all Elsholtzia ketone, caryophyllene, 3-octanol and Dehydroelsholtzia ketone. The most abundant components in the stem (with leaf) included Elsholtzia ketone (84.20%), caryophyllene (4.3%) and 3-octanol (3.11%), while Elsholtzia ketone (88.03%), caryophyllene (3.33%) and 3-octanol (1.53%) were the main components in the flower. 8 single constituents were identified in the stem (with leaf) volatiles including 3-heptanone and linalool, while 14 constituents only including 2-methylbutanoic acid and Perillene have been found in the flower volatiles. Elsholtzia ketone was the main compound, and its concentration was significantly higher than other substances (>80% of the total oils in Elsholtzia ciliata). The study provided an important scientific base for the further utilization of Elsholtzia ciliata resources and may be helpful for systematically understanding the constituents of volatile compounds of Elsholtzia ciliata.
Introduction
Elsholtzia ciliata (Thunb.) Hyland. (the Chinese name "Xiang Ru") is an annual herb that belongs to the Elsholtzia species that is widely distributed in China, Korea and Europe, and as a folk medicine in China for thousands of years.
There has been an increasing interest in Elsholtzia species because of its long history for the treatment of cold, fever, emesis, edema, diarrhea, edema, rheu- (SFE) were also applied for this purpose [5] [6] . It has been widely adopted in headspace (HS) sampling which is a fundamental technique to characterize the volatile fraction of aromatic plants.
Due to the advantage of simple, rapid, low-cost and solvent-free, HS technique offers a more useful tool than the conventional analytical techniques [7] .
However, there is little paper reported that HS was applied to analyze Elsholtzia ciliata. Depending on the applied method, the results of our experiments have shown that static headspace (HS) is a simple and fast technique because no sample preparation or solvent is needed. Therefore, the direct coupling with a mass spectrometer could carry out the detection of Elsholtzia ciliata oils. In this work, HS methods coupled with GC-MS were applied for extraction and identification of volatiles of the Elsholtzia ciliata stem (with leaf) and flower. The comparison of the volatiles of the Elsholtzia ciliata stem (with leaf) and flower was performed by using HS-GC-MS.
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Compared with the conventional methods, HS-GC-MS provides a simple preparation, small amounts of the sample, short times to extract the volatile constituents, and has no use for organic solvent. As the stem (with leaf) and flower volatiles of Elsholtzia ciliata were not yet investigated in detail, it is reported here the results obtained by HS-GC-MS analyses on the volatile compounds of the Elsholtzia ciliata stem (with leaf) and flower.
In this work, a direct, reliable and effective automated method has been built for the determination of the different portions of the plant based on headspace technique. Separation, identification and quantization were carried out by HS-GC-MS. Sample pretreatment or clean-up were not necessary, as samples are put directly into an HS vial, automatically processed and then injected to the GC-MS for chromatographic analysis.
The plant consisted of varies of tissues and organs. Generally, chemical compositions of the plant are probably a whole macro characteristic referring to all the plant parts. However, only a few researches on the comparison of different parts of the plant. The description of medicinal parts in the clinical application mostly used the whole plant or taken from a certain parts of the plant, such as only using roots, rhizomes, leaves, flowers or fruits-divided into the medicinal parts and non-medicinal parts [8] . The medicinal parts and non-medicinal parts have certain differences in medicinal properties and pharmacological effects. In addition, the harvesting time and location may also affect the differences, leading to the lack of unified standard for the selection of the medicinal parts. In practice, the correlation of different parts was always ignored and the non-medicinal part was often discarded as waste. To some extent, the different plant parts may act synergistically in ways we don't know. Full utilization of plant resources is an unsolved problem due to the lack of unified standard for the selection of medicinal parts.
The medicinal parts of Elsholtzia ciliata were the aerial parts in the Chinese Pharmacopoeia, flowering whole parts is recorded in the Traditional Chinese Medicine Dictionary, while the whole parts or aerial parts in the Chinese Materia Medica. Roots were picked-off in order to obtain the processed products. In ancient china, only the Elsholtzia ciliata leafs or the flowers and leafs were used together. Most experiments are carried out by using the Elsholtzia ciliata aerial parts. Researches on the pharmacological effect of the different parts from Elsholtzia ciliata have shown a certain difference [9] . In China, the Elsholtzia ciliata have been applied to the treatment of lots of diseases for a long time. However, up to date, the medicinal parts are still unclear. However, the volatile components of the different Elsholtzia ciliata parts were not investigated in detail. In our project, efforts were devoted to analysis and compare the difference of the volatiles of the different Elsholtzia ciliata parts by HS-GC-MS.
The whole plants contained 0.2% -1% essential oils, the fresh stems and flowers contained 0.26% -0.59% essential oils and the dried stems and flowers con- 
Materials and Methods

Plant Materials
The aerial parts of Elsholtzia ciliata were collected from Qixia Mountain, Shandong, China in the middle of September, 2012, and were authenticated by Associate Professor Sun Zhiying from the Department of Pharmacy, Shan Dong University of Traditional Chinese Medicine in China. The two parts of stem (with leaf) and flower samples were separated from the aerial parts in our laboratory, respectively. These two parts were stored in the dark at room temperature until use. The dried stems (with leafs) and flowers were respectively ground into powder (40 mesh) and kept at a desiccators prior to analysis.
HS-GC/MS Analyses
Extraction of Volatile Components
Dried stems (with leafs) and flowers powder (0.5 g) were precisely weighed into 10 mL HS vial and sealed hermetically with a PTFE-silicone septum and an aluminum cap and then carefully marked, respectively. An Agilent 7694 EAutomatic sampler (Agilent Technologies, USA) was used as a HS sampler. The HS sampling parameters were set as follows: Vial temperature, 120˚C; Loop temperature, 140˚C; Transfer-line temperature, 160˚C; Vial equilibration, 30 min; Loop equilibration, 0.05 min; sample injection, 1 min.
GC-MS Analyses
The analysis of volatile compounds of the two parts obtained by HS was performed on an Agilent 6890-5975B GC-MS system (Agilent Technologies, USA). The chromatography conditions were as follows: HP-5MS (30 m × 0.25 mm i.d. × 0.25 μm film thickness); helium as the carrier gas, flow rate of 1.0 mL·min −1 and with split ratio of 3:1; the injector temperature was at 250˚C. The temperature programmed as follows: from 40˚C (3 minutes) to 100˚C at a rate of 2˚C·min −1 , from 100˚C (2 minutes) to 150˚C at a rate of 1˚C·min −1 , and then from 150˚C (2 minutes) to 280˚C at a rate of 10˚C·min −1 , with a final hold of 5 minutes at 280˚C.
The mass spectrometer was fitted with EI source operated 70 eV, and mass spectra were recorded in the m/z range of 50 to 550 m/z with full-scan acquisi-
tion mode. A "Standard Tune" option was used. The ion source of the mass spectrometer was set at 230˚C. Quadrupole temperature and transfer-line temperature were 150˚C and 280˚C, respectively.
Results and Discussions
The analysis of the two different parts from Elsholtzia ciliata was performed on the above mentioned HS-GC-MS conditions; the total ionization chromatography of the volatiles of the two different parts was shown in Figure 1 and Figure   2 . The separated volatile components were identified by the NIST MS library search (NIST MS Search 2.0) and comparison with literatures [10] - [19] . The relative contents of each constituent from the volatile constituents were determined by area normalization method. The identified compound with their relative amounts from Elsholtzia ciliata stem (with leaf) and flower was summarized in Table 1 . The comparison of the major constituents between the two different Table 2 . In total, 61 compounds (more than 90% of match scores) were identified in the two different parts. 47 compounds accounting for 96.07% of total volatiles were identified in the Elsholtzia ciliata stem (with leaf). 53 compounds constituting 97.94% of total volatiles were identified in the Elsholtzia ciliata flower (Table 1) . 13 main compounds were found in both the two different parts, but each of them exhibited different relative contents (Table 2 ).
Seen from Table 1 , a total of 61 compounds were identified in the two different parts, 47 compounds constituting 96.07% of the total volatiles were identified in stems (with leafs) with Elsholtzia ketone being the main constituent (84.20%) and 53 compounds accounting for 97.94% of the total volatiles were identified in flowers with Elsholtzia ketone being the main component (88.03%). 39 compounds were found both in the two different parts. 8 compounds were only detected in the stem and leaf, or shown extremely low content in the flower. In contrast, 14 compounds were only detected in the flower, or were little contained in the stem and leaf. The differential peak accounted for a very small but significant proportion, indicating that the types of the volatile components contained in the stem and leaf were different to some extent with those contained in the flower of Elsholtzia ciliata. The difference can serve as a basis to quickly analysis the volatile components contained in different parts of Elsholtzia ciliata.
Several literatures reported the volatile components of this plant [13] - [19] used different techniques of extractions including HD, SFE and HS-SPME, they showed significant differences in the composition of the volatile constituents.
Saini R et al. [19] firstly made a comparative evaluation of the constituents using those three different extraction procedures, the proposed HS method is simple, fast and inexpensive without complicated sample pre-treatment. γ-Terpinene, Perillene, 1-Octen-3-yl-acetate, Linalool, Geranyl acetate, Caryophyllene, Humulene, Germacrene D were found as common constituents of these three extractions.3-Octen-1-ol, Cubebeneand Cadinene were only found in SFE and HD samples. In our study, the compositions of the volatile components were mainly ketones, terpenes, alcohols, aldehydes and phenols, etc. (Figure 3 ). Other key marker volatile constituents of different species such as Elsholtzia ketone, Dehydroelsholtzia ketone and Thymol were also reported in the Elsholtzia ciliata. Li- were similar in the two parts of Elsholtzia ciliata, while the flower contained a slightly higher content of volatile components than the stem and leaf. 39 compounds were acquired in two different parts, including Elsholtzia ketone, Caryophyllene, 3-Octanol, Dehydroelsholtzia ketone, 1-Octen-3-ol, Thymol, β-Bourbonene, Acetophenoneand so on. Elsholtzia ketone, which is regarded as a typical compound to identify Elsholtzia ciliata, showed the highest content in both parts (88.03% in the flower and 84.20% in the stem with leaf). Seen from Table 2 , the main volatile components of more than 0.1% were almost same in both parts. In terms of the content, Caryophyllene accounted for a secondary content, 4.3% and 3.33% in the total quantity of volatile components (with certain difference in contents), respectively. The other components with a content of more than 0.1% were common among these two parts, varying in their contents in certain degrees. It could be concluded that, the main compositions of the volatile components in two parts were similar and shared a large number of components, only different in their contents. Thus we could further infer that both parts of Elsholtzia ciliata may have similar pharmacologic actions.
The present study shows only the comparison result between two different parts of the aerial parts of Elsholtzia ciliata collected at the same harvesting period and region while further work is needed to determine whether the comparison result of both parts at different harvesting periods is consistent with that obtained at the same harvesting period and region.
On the one hand, both parts share many components and their main components are similar, accounting for a large proportion; however, there are also difference in some compositions and contents. Such a difference is possibly related with the synthetic position and distribution of chemical components inside the plant. On the other hand, the differential peaks account for a small but significant proportion, attention should be paid to the existence of the differential peaks and the content control of various main components in selection of medicinal parts.
Conclusions
The HS-GS-MS technique is a rapid and efficient technique for the analysis of volatiles in samples with many advantages. In this project, it was successfully applied to the rapid analysis and comparison of the volatiles of the two different parts from Elsholtzia ciliata harvesting at the same time and region. For this method, the sample amount taken was only 0.5 g and operated in a highly automated way. The volatiles obtained by the method, when compared with hydrodistillation reported in some literatures, are that HS-GS-MS technique is more suitable for the analysis of the low boiling compounds.
In our experiments, a large amount of common constituent was detected in the two different parts of Elsholtzia ciliata. For the majority of compounds, the main constituent obtained in these two different parts was both the Elsholtzia ketone, accounting for more than 80% in the total volatiles. Other previous reports have studied that Elsholtzia ketone was the main bioactive components of Elsholtzia ciliata. Our results have shown that these two different parts both have a certain medicinal value in a degree. Therefore, it's significant to select the Elsholtzia ciliata aerial parts in the clinical application.
There is a difference observed between the contents of the volatile components of the two different parts. Although the differences were small and not obvious, it can still provide basis for comparison of the two different parts. Eventually, these findings provide a reference for further exploitation of Elsholtzia ciliata. The experimental results suggest that the proposed method in analysis of volatile compounds of Elsholtzia, has less sample consumption, no organic solvent extraction, and highly automatic analysis process. It can be applied for the fast analysis and distinguishing of the volatile compounds in Elsholtzia ciliata stems (with leafs) and flowers.
